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To understand the fundamental mechanisms on genes in plant cells can be performed by gene expression 
studies. The study needs reference genes that act as internal control to avoid expression data bias. 
Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) gene is one of reference genes that has been 
validated in plants. This study aims to analyze the DNA sequences encoding GAPDH in cocor bebek 
(Kalanchoe x laetivirens). Methods included total DNA extraction from fresh leaf, polymerase chain 
reaction (PCR), electrophoresis at 1% agarose and DNA sequence data analysis. The DNA sequence of K. x 
laetivirens GAPDH gene obtained were 1107 bp and predicted to consist of 5 exons and 5 introns. This 
sequence had about 68.96%-73.81% similarity to the DNA sequence of the GAPDH gene in several plant 
species. The amino acid sequence of K. x laetivirens GAPDH had 5 conserved regions and residues of cysteine 
(C) and histidine. The sequence obtained in this study was the first to be reported from the genus Kalanchoe. 
This sequence can be used for analysis of gene expression in K. x laetivirens and can be as reference for 
isolating the GAPDH gene for other plant species in the genus Kalanchoe. 
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Cocor bebek (Kalanchoe x laetivirens) 
is a plant of the genus Kalanchoe that grows 
a lot in tropical climates. The group of plants 
belonging to the Crassulaceae family has a 
CAM (Crassulacean Acid Metabolism) 
photosynthesis pathway. This plant has 
pseudo stems and thick leaves. The key 
character is that young shoots can grow on 
the edges of the leaves. This plant has 
adaptation tolerance to drought conditions 
(Court, 2000; Raouf, 2011; Milad et al., 
2014). 
Drought stress in plants can limit 
plant growth and productivity. Plants have 
strategies to deal with drought. The 
adaptation to tolerance of the cocor bebek 
results in various changes at the 
morphological, physiological, and even 
molecular levels (Basa et al., 2009; Tang et 
al., 2017; Darmayani et al., 2018). 
Molecularly, the adaptability of cocor 
bebek to drought environmental conditions 
cannot be separated from the presence of 
related genes. In order to understand the 
mechanism underlying this biological 
action, it is necessary to analyze gene 
expression. A technique that can be used in 
the study of gene expression analysis is 
quantitative real time polymerase chain 
reaction (qRT-PCR) (Kozera & Rapacz, 
2013). This technique requires the 
presence of reference genes as internal 
controls such as genes encoding actin, 
tubulin, ubiquitin, elongation factor-1α, 18S 
rRNA and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (Libault et al., 
2008; Basa et al., 2009; Chervoneva et al., 
2010; Bao, 2016; Aman et al., 2017; Kosova 
et al., 2017; Singh et al., 2018). Generally, 
the internal control comes from the 
housekeeping gene cluster. 
The gene encoding Glyceraldehyde-3-
Phosphate Dehydrogenase (GAPDH) is one 
of the reference genes found in the 
eukaryotic cell genome and is often used as 
an internal control in the analysis of the 
expression of certain genes. The GAPDH 
gene plays an active role in cell secondary 
metabolic processes and glycolysis. This 
gene product catalyzes the reaction of 
carbohydrate metabolism, oxidative 
phosphorylation, glyceraldehyde -3-
phosphate dehydrogenase in the presence 
of phosphate and nicotinamide adenine 
dinucleotide (NAD) (Petersen, 2003; 
Thanonkeo, 2010; Sirover, 2011; Sikand, 
2012; Turkoglu & Kockar, 2012 ; Zeng, 
2016). The gene has been isolated in 
soursoup (Annona muricata) (Roslim et al., 
2020a), pandan (Benstonea sp.) (Roslim et 
al., 2020b) and tuntun angin (Elaeocarpus 
floribundus) (Roslim et al., 2020c) 
The cocor bebek contains many 
genes related to its adaptation to the 
environment. To understand the 
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mechanism underlying the action of these 
genes can be done by gene expression 
studies. Gene expression studies require 
reference genes which will act as internal 
controls to avoid bias of expression data. 
One of the reference genes that has been 
validated in several plants is the 
Glyceraldehyde - 3-Phosphate 
Dehydrogenase (GAPDH) gene. Therefore 
as a first step, it is necessary to isolate one 
reference gene, namely the GAPDH gene. 
This study aims to analyze the DNA 
sequence encoding GAPDH in cocor bebek 
(Kalanchoe x laetivirens).  
 
RESEARCH METHODS 
The material used was the leaves on 
the shoots of the cocor bebek which were 
prepared for total DNA isolation. The 
primer pairs used were GAPDH_ F: 5'-AAC 
CGG TGT CTT CAC TGA CAA GGA-3' and 
GAPDH_ R: 5' GCT TGA CCT GCT GTC ACC 
AAC AAA-3' (Gantasala et al., 2013). This 
primer pair has been used to amplify the 
GAPDH gene in soursop (Annona muricata 
L.) (Roslim et al., 2020a). 
Total DNA of cocor bebek was carried 
out using Genomic DNA Mini Kit Plant 
(Geneaids). Samples of cocor bebek leaves 
as much as 0.1 grams were cut into pieces 
and then put into a mortar, added enough 
liquid nitrogen while grinding to form a 
powder. After that, DNA isolation was 
carried out following the manufacturer's 
instructions (Geneaid). The success of DNA 
isolation was then detected using 
electrophoresis techniques. Total DNA 
solution as much as 2 µl was migrated on 
1% agarose gel. The buffer solution used 
was 1x TBE pH 8. Electrophoresis was 
carried out at 50 voltage for 40 minutes. As 
standard DNA used 1 kb DNA ladder 
(Thermo Scientific). 
GAPDH gene amplification was 
carried out following Roslim & Herman 
(2017), i.e. pre-PCR at 94C for 5 min, then 
followed by 35 cycles consisting of 
denaturation at 94C for 45 seconds, 
annealing at 55C for 45 seconds, and 
elongation at 72C for 1 minute 30 seconds. 
The PCR process was terminated at 72C for 
10 minutes. 
40 µl of PCR product, 30 µl each of 
GAPDH_F and GAPDH_R primers were then 
sent for sequencing at 1st Base 
Laboratories, Malaysia through the 
intermediary of PT. Genetics Science 
Indonesia, West Jakarta. 
DNA sequence data were analyzed using 
BioEdit (Hall, 1999), BLASTn (Altschul et al., 
1997), and MEGA6 (Tamura et al., 2013). A 
total of 10 sequences from the results of the 
BLASTn analysis on the 
http://www.ncbi.nlm.nih.gov/BLASTdown
loaded for the purposes of making a 
dendrogram using the MEGA6 program. 
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Primary3 program on site 
http://primer3.ut.ee (Untergasser et al., 
2012; Koressaar et al., 2018; Purwoko et al., 
2018) were designed to design GAPDH 
primers for cocor bebek based on the DNA 
sequences obtained.  
 
RESULTS AND DISCUSSION 
PCR Product Profile 
Total DNA molecule amplification K. x 
laetivirens which has been successfully 
obtained is very large in size, namely above 
10000 bp. The PCR product is thick enough 
to be used for sequencing purposes. The 
size of the DNA fragment of the GAPDH gene 
PCR product is estimated to be around 1200 







          (1)     (2) 
Figure 1. Profile of total DNA band and PCR products of the GAPDH gene K. x laetivirens 
on 1% agarose gel. (M) 1 kb DNA Ladder (Thermo Scientific), (1) total DNA band and (2) 
PCR product bands. 
DNA Sequence Analysis of the GAPDH 
Gene in Cocor Bebek (Kalanchoe x 
laetivirens) 
In this study, the DNA sequence of the 
GAPDH gene obtained was 1107 bp in size 
and was estimated to have five exons and 
five introns, in the following order: 
intron_1, exon_1, intron_2, exon_2, 
intron_3, exon_3, intron_4, exon_4, intron_5 
and exon_5 (Fig. 2). BLASTn analysis of the 
DNA sequences of the GAPDH K. x 
laetivirens gene showed that the GAPDH K. 
x laetivirens sequence did not appear 
(Table 1) and it indicates that the GAPDH K. 
x laetivirens sequence has not been 
previously reported and  not yet been 
available in the GenBank database. This 
GAPDH sequence of K. x laetivirens was the 


























Figure 2. DNA sequences of the GAPDH Kalanchoe x laetivirens gene and predictions of exon and 
intron regions The underlined sequences represent exon regions and those that are not 
underlined indicate intron regions 
 
Table 1. BLASTn analysis of the Kalanchoe x laetivirens GAPDH gene sequence 
Species Family Query Cover E value Similarity (%) 
Sedum nussbaumerianum Crassulaceae 71% 1E-100 73.59 
Hedeoma todsenii Lamiaceae 67% 9E-91 71.37 
Glechoma hederacea Lamiaceae 67% 4E-89 70.71 
Mentha spicata Lamiaceae 66% 1E-83 70.39 
Tarenaya hassleriana Brassicaceae 66% 3E-83 69.07 
Nepenthes maxima x N. fusca Nepenthaceae 67% 1E-81 70.06 
Daucus carota Apiaceae 68% 9E-78 69.78 
Raphanus raphanistrum Brassicaceae 67% 4E-70 73.81 
Tradescantia pallida Commelinaceae 66% 4E-70 69.07 
Phaseolus lunatus cultivar Fabaceae 67% 2E-68 68.96 
 
The DNA sequence of the GAPDH gene 
K. x laetivirens showed similarities to the 
partial coding sequence (cds) in several 
plant species with a similarity value range 
of 68.96%-73.81%. (Table 1). The DNA 
sequence of the GAPDH gene K. x laetivirens 
had the highest percentage of similarity 
with the accession of Sedum 
nussbaumerianum with a query cover of 
71% and a similarity value of 73.59%. 
Meanwhile, the lowest percentage of 
similarity was indicated by accession 
Phaseolus lunatus cultivar. 
Although a high similarity was also 
found in Raphanus raphanistrum with a 
similarity value of 73.81%, however, query 
coveronly 67%, smaller than S. 
nussbaumerianum (71%) (Table 1). So, the 
similarity between sequences must pay 
attention to all BLASTn parameters. 
Therefore, the highest similarity of K. x 
laetivirens was with S. nussbaumerianum.  
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The phylogenetic analysis presented 
in the form of a dendrogram showed that 
the GAPDH gene K. x laetivirens formed a 
group with Sedum nussbaumerianum 
(Figure 3). It indicates that K. x laetivirens 
has the closest relationship with Sedum 
nussbaumerianum compared to the other 
nine species because both are members of 





Figure 3. Dendogram based on GAPDH sequences on plant accessions using the Neighbor Joining 
Tree, Kimura-2-parameter model and 1000x bootstraps method 
 
 
Based on the alignment results using 
BLASTn, the GAPDH gene K. x laetivirens 
contains 149 deduced amino acids. The 
GAPDH amino acid sequence of K. x 
laetivirens contains five conserved regions 
consisting of GAKKV, SNASCTTNCLAP, 
STGAAKAV, RVPT, and VS as well as 
cysteine (C-54) and histidine (H-81) 
residues for substrate binding at the 
enzyme catalytic site (Figure 4 ). 




Figure 4. Five conserved rffegions in the amino acid sequence of the Glyceraldehyde-3-Phosphate 
Dehydrogenase (GAPDH) gene. The yellow color refers to the conserved area. Numbers arranged vertically 
indicate the position of the nucleotides based on the sequence in K. x laetivirens. Species 1, 2, 3, 4, 5, 6, 7, 8, 
9 and 10 respectively:K. x laetivirens, Sedum nussbaumerianum, Hedeoma todsenii, Glechoma hederacea, 
Raphanus raphanistrum, Tradescantia pallida, Mentha spicata, Tarenaya hassleriana, Nepenthes maxima x 
Nepenthes fusca, Daucus carota and Phaseolus lunatus 
 
The gene expression analysis 
technique was observed based on the 
mRNA level. This technique required 
internal control. Gene groups that can be 
validated as reference genes then be used 
as internal controls include those from the 
housekeeping gene group. Currently, many 
housekeeping genes have been used in 
various studies including elongation factor-
1α, 18S rRNA, actin, -tubulin, ubiquitin and 
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GAPDH (Gantasala et al., 2013; Bao et al., 
2016). On K. x laetivirens GAPDH reference 
gene has not been reported.  
This study has succeeded in 
amplifying the GAPDH gene. The obtained 
amplicons are 1107 bp. DNA sequence 
alignment using the BLASTn program 
aims to determine the validity of the 
sample sequences with the available 
sequences in the GeneBank database 
(Madden, 2013). In determining the 
similarity of the sample DNA sequence 
with the sequence in the GeneBank 
database, there are several parameters to 
consider, including the query cover value, 
E-value, and identity. BLASTn analysis has 
been used to determine the function of the 
DNA sequence of soursop (Annona 
muricata) based on the query cover, E-
value, and identity values (Roslim, 2020a). 
The results of the BLASTn analysis 
showed that some areas in the GAPDH 
sequence of K. x laetivirens did not align 
with the GAPDH sequence in the database. 
It is due to the difference in the aligned 
sequences, namely the DNA sequences of 
K. x laetivirens and mRNA on accessions 
available in GeneBank. It is indicated by 
the query cover value in the range of 66%-
71%. The identity percentages obtained 
ranged from 68.96-73.81% (Table 1). 
Similarities was found in the same gene 
from several different species. The high 
similarity indicates that these genes have the 
same role in the cell (Claverie & Notredame, 
2007). The GAPDH sequences of K. x 
laetivirens had some fairly high similarities in 
several plant species from different families. 
The amino acid sequence of GAPDH K. x 
laetivirens was predicted to consist of five 
exons and five introns. The exon total length 
is predicted to consist of 486 bp.  
The GAPDH protein has 10 conserved 
residues, with the two most conserved 
regions being the coenzyme binding residue 
(NGFGRIGR) and the catalytic domain 
(cysteine and histidine) (Zaffagnini et al., 
2013; Zeng et al., 2016). In this study, 6 out of 
10 conserved residues and catalytic domains 
were found in the amino acid sequence of 
GAPDH K. x laetivirens. 
Based on this study, it showed two 
things, (1) the results of the BLASTn analysis 
confirmed that the DNA sequence that was 
successfully amplified in K. x laetivirens was 
part of the GAPDH gene and (2) the partial 
DNA sequence of the GAPDH gene that was 
successfully aligned contained exons and 
introns ( Figure 3). In eukaryotic organisms, 
the exon region is an area that will be 
translated in the translation process into 
amino acids or proteins (Lim et al., 2018). 
The DNA sequence of the GAPDH gene 
K. x laetivirens, then needed to be validated to 
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be used as a reference gene or internal 
control in gene expression analysis. One 
technique that can be used was the 
quantitative real time polymerase chain 
reaction (qRT-PCR) technique. Selection 
and validation of the GAPDH gene in 
Dalbergia odorifera showed that the gene 
was suitable as a control because it had the 
most stable expression level (Meng et al., 
2019). 
Based on the results of the primer 
design using the primer program, a pair of 
specific primers for K. x laetivirens were 
obtained, namely F = 5' CAT GAA AGG TTT 
GGA ATT GT 3' and R= 5' GTG CTA CTG 
GGA ATG ATG TT 3'. This primer pair can 
be used for amplification of other species 




This study has succeeded in 
amplifying the DNA sequence of the K. x 
laetivirens GAPDH gene with a size of 
1107 bp and predicted to contain five 
exons and five introns. The GAPDH 
sequence of K. x laetivirens was 68.96%-
73.81% similar and had the closest 
resemblance to Sedum nussbaumerianum 
(Crassulaceae). The DNA sequence of the 
K. x laetivirens GAPDH gene was the first 
to be reported from the Kalanchoe genus, 
so further validation is needed so that it 
has the opportunity to be used as a 
reference gene or internal control for the 
analysis other genes in K. x laetivirens. This 
sequence can be used as the basis for 
isolating the GAPDH gene from other species 
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